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Epitome 

(57) [Abstract] 

[Technical problem] Recognition by viewing of an oil repellent agent is enabled, positive formation of an oil- 
repellent film can be performed, and the liquid bearing equipment which can prevent leakage of lubricant is 
offered. 

[Means for Solution] It is filled up with lubricant 10 between a shank 2 and body of revolution 5, and oil- 
repellent film 13a which prevents leakage of lubricant 10 is formed near the liquid junction side of lubricant 10. 
In a different color from a shank 2 or body of revolution 5 in which oil-repellent film 13a was formed, or the 
same color, it is colored a color from which a shade differs and this oil-repellent film 13a is made identifiable. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The liquid-bearing equipment which is the liquid-bearing equipment formed the oil-repellent film 
which is filled up with lubricant between body of revolution supported by a shank and this shank free [ a 
revolution ], and prevents leakage of said lubricant to a shank or body of revolution near a liquid-junction side 
of said lubricant, and constituted said oil-repellent film so that it colors the color from which a shade differs in 
a different color from a shank or body of revolution in which said oil-repellent film was formed, or the same 
color and it may become identifiable. 

[Claim 2] Liquid bearing equipment which is the liquid bearing equipment in which an oil-repellent film which is 
filled up with lubricant between body of revolution supported free [ a revolution ], and prevents leakage of said 
lubricant by shank and this shank to a shank or body of revolution near a liquid junction side of said lubricant 
was formed, and formed a level difference in a front face of said oil-repellent film. 

[Claim 3] Liquid bearing equipment according to claim 2 which formed a level difference for said oil-repellent 
film as a multilayer configuration more than a bilayer. 

[Claim 4] Liquid-bearing equipment which was the liquid bearing equipment in_which an oil-repellent film which 
is filled up with lubricant between body of revolution supported free [ a revolution ], and prevents leakage of 
said lubricant by shank and this shank to a shank or body of revolution near a liquid junction side of said 
lubricant was formed, and colored each class a color from which a shade differs in a different color or the same 
color while forming a level difference for said oil-repellent film as a configuration more than a bilayer. 
[Claim 5] Said oil-repellent film is liquid bearing equipment according to claim 1 to 4 which contained a coloring 
material to resin which is a principal component. 

[Claim 6] Liquid bearing equipment according to claim 5 which contained one [ at least ] component of a 
pigment or a color in said coloring material. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the liquid bearing equipment of the 

dynamic pressure mold used for the spindle motor of a magnetic disk drive etc. 

[0002] 

[Description of the Prior Art] Drawing 4 shows conventional liquid bearing equipment. The end of the fixed 
shaft 2 with which the dynamic pressure generating slots 4a and 4b were formed in the peripheral face is 
pressed fit in the base 1, a thrust plate 3 is fixed to the other end, and the shank is formed. 
[0003] The sleeve 5 is pressed fit in the inner skin of the hub 6 for attaching a magnetic disk etc., the thrust 
flange 1 1 is attached in the end of this sleeve 5, and body of revolution is formed. 

[0004] And the fixed shaft 2 is inserted in the bearing hole of a sleeve 5 so that the thrust flange 1 1 and a 
thrust plate 3 may counter, it fills up with lubricant 10 between a shank and body of revolution, and body of 
revolution is supported by the shank free [ a revolution ]. 

[0005] Moreover, a stator coil 9 is formed in the wall formed in the base 1, the Rota magnet 7 and the Rota 
yoke 8 are attached in an opposed face with the stator coil 9 of a hub 6, and the motorised section is 
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constituted. 

[0006] If a sleeve 5 and a hub 6 carry out revolution actuation by this motorised section, dynamic pressure will 
occur to lubricant 10 according to a pumping operation of the dynamic pressure generating slots 4a and 4b 
formed in the fixed shaft 2, and revolution support of a shank and the body of revolution will be carried out by 
non-contact. 
[0007] 

[Problem(s) to be Solved by the Invention] Although held inside bearing with surface tension, when lubricant 10 
disperses by revolution actuation of bearing equipment or the lubricant 10 with which it filled up between a 
shank and body of revolution oozes out, it will produce the contamination to a poor revolution and the exterior 
of bearing. 

[0008] In order to prevent leakage of such lubricant 10, the oil-repellent film 14 which has the property which 
crawls lubricant 10 in the fixed shaft 2 and sleeve 5 near a liquid junction side of lubricant 10 is formed. 
[0009] Although the oil-repellent film 14 applies to a need part the oil repellent agent which consists of a 
fluororesin which crawls lubricant 10, such as a synthetic hydrocarbon oil and an ester system oil, and is 
formed, the need of forming small quantity in a minute field at high degree of accuracy is increasing with a 
miniaturization and thin-shape-izing of information recording devices including a magnetic disk drive in recent 
years. 

[0010] However, in needing the special recognition equipment which the oil repellent agent of a fluororesin 
system is transparent and colorless, recognition by viewing at the time of spreading is difficult since it is 
moreover formed several micrometers or less in the shape of a thin film, and used the laser beam etc., 
automation is not progressing, either. 

[001 1] Therefore, an oil repellent agent flows into the impregnation range of lubricant 10, and there is a 
problem of fluctuation of the holding power of lubricant 10 and the instability of the pumping force arising, and 
lubricant 10 dispersing to the exterior of bearing equipment by un-putting the oil-repellent film 14, or oozing 
out. 

[0012] This invention solves said trouble and recognition by viewing of an oil repellent agent is enabled, and 
positive formation of an oil-repellent film is performed and it aims at offering the liquid bearing equipment which 
can prevent leakage of lubricant. 
[0013] 

[Means for Solving the Problem] Liquid bearing equipment of this invention is characterized by coloring it an 
oil-repellent film. According to this this invention, recognition by viewing in a covering region and an interface 
of an oil-repellent film is attained, and leakage of lubricant by un-forming [ of a pressure fluctuation by influx 
for a lubricant attaching part and an oil-repellent film of an oil repellent agent ] can be reduced. 
[0014] 

[Embodiment of the Invention] The liquid bearing equipment of this invention according to claim 1 is filled up 
with lubricant between the body of revolution supported by a shank and this shank free [ a revolution ]. It is 
the liquid bearing equipment in which the oil-repellent film which prevents leakage of said lubricant to the 
shank or body of revolution near a liquid junction side of said lubricant was formed. It is characterized by 
constituting so that said oil-repellent film may be colored the color from which a shade differs in a different 
color from the shank or body of revolution in which said oil-repellent film was formed, or the same color and it 
may become identifiable. 

[0015] According to this configuration, without specifying the covering region of an oil-repellent film with 
processing or masking, according to the color difference of the formation part of the oil-repellent film with 
which it was colored, and an agenesis part, and a shade difference, a covering region and an interface become 
clear, and recognition by viewing of an oil-repellent film can be realized easily, and can reduce an influx for the 
lubricant attaching part of an oil repellent agent, and the leakage of lubricant. 

[0016] The liquid bearing equipment of this invention according to claim 2 is the liquid bearing equipment in 
which the oil-repellent film which is filled up with lubricant between the body of revolution supported free [ a 
revolution ], and prevents leakage of said lubricant by the shank and this shank to the shank or body of 
revolution near a liquid junction side of said lubricant was formed, and is characterized by forming a level 
difference in the front face of said oil-repellent film. 

[0017] According to this configuration, the leakage control of higher lubricant is obtained. The liquid bearing 
equipment of this invention according to claim 3 is characterized by forming a level difference for said oil- 
repellent film as a multilayer configuration more than a bilayer in claim 2. 

[0018] The liquid bearing equipment of this invention according to claim 4 is filled up with lubricant between the 
body of revolution supported by a shank and this shank free [ a revolution ]. It is the liquid bearing equipment in 
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which the oil-repellent film which prevents leakage of said lubricant to the shank or body of revolution near a 
liquid junction side of said lubricant was formed, and while forming a level difference for said oil-repellent film 
as a configuration more than a bilayer, it is characterized by coloring each class the color from which a shade 
differs in a different color or the same color. 

[0019] According to this configuration, since the covering region and interface of an oil-repellent film can 
identify easily visually according to the color difference and the shade difference of each class, a multilayer 
level difference configuration can be recognized certainly, and the leakage control effect of clearer lubricant is 
acquired. 

[0020] It is characterized by the liquid bearing equipment of this invention according to claim 5 containing a 
coloring material in either claim 1 - claim 4 to the resin said whose oil-repellent film is a principal component. 
According to this configuration, the additional activity of spreading of a coloring material, blasting, etc. is not 
needed, but simple and positive coloring can be realized. 

[0021] The liquid bearing equipment of this invention according to claim 6 is characterized by containing one 
[ at least ] component of a pigment or a color in said coloring material in claim 5. According to this 
configuration, the class of coloring material added according to the dispersibility of the pigment to the coating 
solution which dissolves the resinous principle of an oil-repellent film, or the solubility of a color can be chosen, 
and efficient uniform coloring is obtained. 

[0022] Hereafter, the gestalt of each operation of this invention is explained using drawing 1 - drawing 3 based 
on an example. In addition, the same sign is attached and explained to what makes the same configuration as 
drawing 4 which shows the above-mentioned conventional example. 

[0023] (Gestalt 1 of operation) Drawing 1 shows the (gestalt 1 of operation) of this invention. In the gestalt of 
this operation, while coloring it oil-repellent film 13a, it differs from the above-mentioned conventional example 
at the point which made special the configuration of the end face section of the fixed shaft 2. 
[0024] Taper section 2a and 2b are formed in the end face section of the fixed shaft 2 in the liquid bearing 
equipment specifically constituted like drawing 4 which shows the above-mentioned conventional example. 
Moreover, in the conventional transparent and colorless oil-repellent film 14, it differs in the end face and taper 
section 2b of a sleeve 5 near a liquid junction side of lubricant 10, and colored oil-repellent film 13a is formed 
irvthem. 

[0025] This oil-repellent film 13a is formed in the black fluororesin system oil repellent agent which contained 
carbon black so that it could discriminate from the fixed shaft 2 of metal colors, such as silver and copper 
color, or a sleeve 5. 

[0026] As fluorine system resin which forms oil-repellent film 13a Pori ethylene^tetrafluoroethylene copolymer 
(ETFE), vinyl fluoride (PVF) Polyvinylidene fluoride (PVDF), an ethylene-chlorotrifluoroethylene copolymer 
(ECTFE), A polychlorotrifluoroethylene resin (PCTFE) and tetrafluoroethylene-perfluoroalkyl vinyl ether 
copolymer (PFA), A polytetrafluoroethylene (PTFE) and tetrafluoroethylene-hexafluoropropylene copolymer 
(FEP) etc. may be mentioned and the part may be replaced by functional groups, such as a hydroxyl group, a 
carboxyl group, an amino group, an isocyanate radical, and an epoxy group. The crystalline or amorphous 
perfluoro resin system which has lower surface energy especially can use it suitably especially. 
[0027] Carbon black is distributed as a pigment at homogeneity in the coating solution which dissolves the 
above-mentioned fluorine system resin, and oil-repellent film 13a is formed by applying to taper section 2b of 
the soffit side of a sleeve 5, and the fixed shaft 2. 

[0028] The formation method of oil-repellent film 13a can choose a spin coat, a DIP coat, a spray coat, an 
imprint coat, a potting coat, brush coating, etc. as arbitration according to the magnitude and the configuration 
of a member. 

[0029] With the liquid bearing equipment constituted as mentioned above, the covering region and interface of 
oil-repellent film 13a can identify oil-repellent film 13a clearly visually according to the color difference of the 
formation part of oil-repellent film 13a, and an agenesis part, without specifying the covering region of oil- 
repellent film 13a with processing or masking, since it is colored black so that it can discriminate from the fixed 
shaft 2 and a sleeve 5. 

[0030] Consequently, automation by the image processing by the CCD image sensor also becomes possible. 
Moreover, since the location and range of oil-repellent film 13a can control with a sufficient precision, an influx 
to the impregnation range of the lubricant 10 of an oil repellent agent is prevented, the holding power and the 
pumping force of lubricant 10 can be held to stability, and reliable liquid bearing equipment is obtained. 
[0031] Moreover, since positive covering of an oil repellent agent can be recognized, it can prevent un-forming 
[ of oil-repellent film 13a ], and the leakage to the bearing exterior of lubricant 10 can be reduced. 
Furthermore, scattering and adhesion of the oil repellent agent to parts other than the formation range of oil— 
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repellent film 13a can also be recognized, and generating of a foreign matter can be reduced. 

[0032] In addition, although the above-mentioned explanation gave and explained the example which formed 

oil-repellent film 13a in the black fluororesin system oil repellent agent, this invention is not limited to this, and 

if oil-repellent film 13a has the critical surface tension of oil-repellent film 13a smaller than the surface tension 

of lubricant 10, it can use not only a fluororesin system oil repellent agent but the resin of a silicone resin 

system oil repellent agent or others that what is necessary is just what crawls lubricant 10. 

[0033] Moreover, with a sleeve 5 and the fixed shaft 2. if the color of oil-repellent film 13a is identifiable, it is 

good and black, and also other colors, such as white, red, blue, and purple, can be substituted for it. Moreover, 

what is necessary is just to be able to identify according to a shade difference, even if it is the same color as a 

sleeve 5 or the fixed shaft 2. 

[0034] Moreover, an organic pigment, an inorganic pigment, and a color are mentioned as a coloring material 
used for coloring. As an organic pigment, a phthalocyanine system, the Quinacridone system, a horse mackerel 
lake system, an anthraquinone system compound, etc. are used, and titanium oxide, a zinc oxide, lead oxide, 
chrome oxide, an iron oxide, phosphoric-acid cobalt, etc. can be used other than above-mentioned carbon 
black as an inorganic pigment. 

[0035] Moreover, as a color, an anthraquinone system, an azo system compound, etc. can be used and these 
may be fluorinated selectively. By distributing, or dissolving and using it at homogeneity at the coating solution 
which dissolves a resinous principle, the additional activity of spreading of a coloring material, blasting, etc. 
does not need a coloring material as mentioned above, but simple and positive coloring can be realized. 
[0036] If the above-mentioned coloring material is a range where it distributes or dissolves in the coating 
solution which dissolves the above-mentioned resinous principle at homogeneity, and the oil repellency of oil- 
repellent film 13a or the adhesion of oil-repellent film 13a and a coating member does not produce lowering by 
deterioration or gasification of a coloring material, it can be chosen as one or more and arbitration according to 
classes, such as a coating solution and oil-repellent film 13a. 

[0037] Moreover, although a dispersant etc. may be added if needed in order to distribute and dissolve a 
coloring material in homogeneity, it is desirable to make it min as much as possible. In addition, although oil- 
repellent film 13a was considered as the much more configuration [ try ] in the above-mentioned explanation 
When a level difference is further formed in the front face of this oil-repellent film 13a as the oil-repellent film 
of multilayer structure in piles on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne., an 
oil-repellent film with this level difference When lubricant 10 exceeds the oil-repellent film of an eye further, or 
even when the oil repellency of the oil-repellent film of an eye falls further, leakage of lubricant 10 is prevented 
by a bilayer eye and the oil-repellent film of the third layer, and the higher leakage control effect is acquired 
with them. 

[0038] (Gestalt 2 of operation) Drawing 2 and drawing 3 show the (gestalt 2 of operation) of this invention. 
Drawing 2 shows the configuration of liquid bearing equipment, drawing 3 (a) shows the cross section of the 
upper part of liquid bearing equipment, and drawing 3 (b) shows a plan. 

[0039] this (gestalt 2 of operation) — **** — although it differs at the point made into a color which is 
different in each class by making the oil-repellent film 13 into multilayer structure while considering as the 
liquid bearing equipment which opened the ends of a sleeve 5 to atmospheric air, the other configuration is the 
same as that of the above (gestalt 1 of operation). 

[0040] As shown in details at drawing 2 , a thrust plate 3 is pressed fit in the end face section side of the fixed 
shaft 2, and the both sides of the bearing hole of a sleeve 5 are opened by atmospheric air. The end face 
section of the fixed shaft 2 is pressed fit in the base 1, fixed support is carried out at covering which does not 
illustrate the other end, the taper sections 2c and 2d are formed in the fixed shaft 2 upside, and taper section 
2a and 2b are formed in the end face section side. 12 is the labyrinth color 12 pressed fit in the sleeve 5. 
[0041] In the liquid bearing equipment constituted as mentioned above, oil-repellent film 13a is formed in the 
soffit side and taper section 2b of a sleeve 5 by the end face section side of the fixed shaft 2 like the above 
(gestalt 1 of operation). This oil-repellent film 13a consists of a black fluororesin system oil repellent agent 
containing carbon black. 

[0042] As the fixed shaft 2 upside is shown in drawing 3 (a) and (b), oil-repellent film 13a is formed in 2d of 
taper sections of the upper bed side of a sleeve 5, and the fixed shaft 2. Moreover, oil-repellent film 13b of still 
more nearly another class is formed in the front face of oil-repellent film 13a formed in the upper bed side of a 
sleeve 5, and it has multilayer structure. 

[0043] Oil-repellent film 13a of an eye becomes details from the black fluororesin system oil repellent agent 
which contained carbon black like the gestalt of the above-mentioned implementation further, and oil-repellent 
film 13b of the bilayer eye formed on it is formed in the white silicone resin system oil repellent agent 
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containing titanium oxide. 

[0044] As silicone resin, silicone resin was mentioned and you may denaturalize by the polyether, the amine, 
epoxy, alkyd, etc. Thus, since it is colored the respectively different color, in case oil-repellent film 13a and oil- 
repellent film 13b become identifiable visually, respectively and oil-repellent film 13a and oil-repellent film 13b 
form oil-repellent film 13b in the front face of oil-repellent film 13a, they can form a level difference A in the 
front face by the side of the inner circumference of oil-repellent film 13a easily. 

[0045] Moreover, further, oil-repellent film 13a of an eye has the property in which the adhesion force is large, 
and since the oil-repellent force has a large property and has a role with separate each, as for oil-repellent film 
13b of a bilayer eye, an oil-repellent film still more highly efficient than the gestalt of the above-mentioned 
implementation is obtained. 

[0046] Therefore, if revolution actuation of a sleeve 5, a hub 6, and the labyrinth color 12 is carried out by the 
motorised section of liquid bearing equipment, dynamic pressure will occur to lubricant 10 according to a 
pumping operation of the dynamic pressure generating slots 4a and 4b formed-in the fixed shaft 2, and 
revolution support of the fixed shaft 2 and the sleeve 5 will be carried out by non-contact. Since the oil- 
repellent film of multilayer structure with which the level difference A was formed as mentioned above is 
formed in the upper bed side where the insertion hole of a sleeve 5 serves as a opening at this time, rather 
than the above (gestalt 1 of operation), the dynamic pressure engine performance is stabilized further and the 
effect of the high leakage control of lubricant 10 is acquired. 

[0047] In addition, although the oil-repellent film formed in the upper bed side of a sleeve 5 was made into the 
two-layer structure in the above-mentioned explanation, in order to make more reliable the effect of 
preventing leakage, it is good also as a configuration of three or more layers. 

[0048] Moreover, if the location which carries out multilayer formation of the oil-repellent film is a part which 
needs oil repellency, it is not limited to the soffit side of a sleeve 5, and it is good also as the inner skin of a 
sleeve 5, or a peripheral face of the fixed shaft 2. 

[0049] Moreover, what is necessary is not to limit especially the color of each class which carries out 
multilayer formation, and just to be able to identify it according to the color difference or a shade difference. 
For example, although oil-repellent film 13b was made white and oil-repellent film 13a was made identifiable 
with the upper bed side of a sleeve 5 black in the above-mentioned explanation, oil-repellent film 13a may be 
made into the upper bed side of a sleeve 5, and an identifiable color, and oil-repellent film 13b may be made 
the configuration of making it the same color as the upper bed side of a sleeve 5. 

[0050] furthermore, in case a different component for each class of the oil-repellent film of multilayer structure 
is carried out For example, the oil-repellent large film of an oil-repellent film, the fixed shaft 2, or the adhesion 
force with a sleeve 5 is further formed in an eye with many functional groups etc. A more highly efficient oil- 
repellent film is obtained by complementing the engine performance which was not obtained with one kind of 
oil-repellent membrane component, such as forming an oil-repellent film with a high degree of hardness, and 
giving the role of a protective coat after a bilayer eye, and suiting. 

[0051] What formed oil-repellent layer 13a of an eye by the amorphous perfluoro resin system further, and 
specifically formed oil-repellent film 13b of a bilayer eye by the crystalline perfluoro resin system is mentioned. 

[0052] 

[Effect of the Invention] Positive formation and discernment of an oil-repellent film can be performed, an influx 
for the lubricant attaching part of an oil repellent agent is reduced, stable dynamic pressure is obtained, and 
the reliable liquid-bearing equipment which leakage of the lubricant from bearing can prevent good can realize 
by coloring it the color from which a shade differs and making it identifiable as mentioned above in a color 
which is different from the formation part of said oil-repellent film on the oil-repellent film which prevents 
leakage of lubricant according to this invention, or the same color. 

[0053] Moreover, since the covering region of an oil repellent agent and an interface become clear and it can 
recognize easily visually according to the color difference and the shade difference of the formation part of an 
oil-repellent film, and an agenesis part, if it picturizes and equipments, such as image recognition, are used, 
spreading and automation of recognition are realizable with a sufficient precision. 

[0054] Moreover, the leakage of lubricant can be further reduced by forming a level difference in the front face 
of said oil-repellent film. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The cross section of the liquid bearing equipment in the (gestalt 1 of operation) of this invention 
[Drawing 2] The cross section of the liquid bearing equipment in the (gestalt 2 of operation) of this invention 
[Drawing 3] The important section enlarged view in the gestalt of this operation 
[Drawing 4] The cross section of conventional liquid bearing equipment 
[Description of Notations] 

1 Base 

2 Fixed Shaft 
2a-2d Taper section 

4 Dynamic Pressure Generating Slot 
10 Lubricant 

13a Fluororesin system oil-repellent film 
13b Silicone resin system oil-repellent film 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 




[Drawing 4] 
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